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Operational Trials of a
Scarifier-Seederfor
Regenerating Ocala
Sand Pine

Kenneth W. Outcalt, Soil Scientist,USDAForestService,
SoutheasternForest ExperimentStation,Olu.stee,FL 32072.

ABSTRACT.Most harvestedstandsof
()cala sandpine (Piousclaursavar. clauisa
IJ. B. TVard,t have beenregenerated by di-
ted seeding.An integratedsystemusing a
searifier-seedercan reducesitedisturbance,
controlspacing,an(l consen’eseed.Modifi-
catioiLs to this equipmentto pack the soil
over the seed,or to reducetheslopeof the
scarified spot did not improvestocking
leveit, but theydid reduceseedmovement.
ii,e alteration to reduce the slit/ic of tile
scarified spot causedno inech(lnicai
problemsand reducedseeddisplorein ent.
Chopping to reduce competingvegetation
gre~~tly increasedstockinglevels,but there
is little advantageto using a scarifier-
seederifsites mustbechoppedfirst. Criteria
are neededfor determiningwhichsites are
bestsuited to chopping and broadcast
seedingand which to regeneratel~ scan-
fier-seeding.
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~i~ca~asandpine (Pinusclausa var.
clausa D. B. Ward) begins cone
production at about age 5 years
and has abundantannualcrops
(Barnett and McLemore 1965).
‘1’Jie conesare predominantlySe-
rotinous an(l persist on the tree
for many years,storingvast quan-
tities of seed.Naturalstandsorigi-
nated from the seed releasedby
the serotinous cones following
wildfires. A numberof different
systemsfor artificial regeneration
of stands following timber liar—
vestinghave beentried. Because
of the serotinouscone develop-
ment, neitherseed-treenor shel-
terwoocl systemsare suitaf)le. At-
tempts havebeen macfe to effect
regenerationusing heat from the
sunto openconesin logging slash,

but this producedpoorly stocked
stan(ls (Price 1973). Burning log-
ging slash to releaseseedshasalso
been tried, but gavepoor results
becauseavailable coneswere tine-
venly distributed and the fire de-
stroyedmany see(fs(Cooperet al.
1959). Ocala sand pine can be
planted,but dueto its lack of true
winter dormancy (Zelawski and
Strickland 1973) sir rvivaf is get icr—
ally Poor(about60%)andvariable
(Burns and Hebb 1972, Hebbaii(1
Burns 1973).The most successful
and economicalsystemFir regen-
eration has beenclearcutting,site
preparation, and direct seeding
(Price 1973).With this method,
seedare broadcastat a rate of 0.5
to 1.0 lb/ac following siteprepara-
tion by chopping with a heavy,
double—drumchopper. Research
and experiencehas slmwri that
somemethodof coveringthe seed
with a layerof soil 0.25-to 0.75-in.
thick will reduceseed pJe(f~itwn
and increasegermination (Burns
iindl llebb 1972).

Although broadcastseedinghas
been the most successfulsysteni
for regenerating(~)cala samI uin~~
it is not an entirely satisfactory
method.Regenei’ationFailtires are
common during years having ex-
tended drought periods, which
occur about 3 years out of 10.
During yearswith adequaterain-
fall, some areasbecome over-
stocked and require precommer-
cial thinning to prevent stand
stagnation.In addition, thereis no
mechanismfor spacingcontrol,

arid t lie systemis wastefulof seed,
a factor that increasescostsand
redttccsthe areathat can be re-
generatedwith genetically im—

1)rovedseed.
In an effort to iml)rove spacing,

ehiniriareprecommerciafthinning,
reducecosts,and conserveSee(l,a
new techniqueusing a scarifier—
seedIerwasteste(l in 1983.This is
an integratedapproachthat com-
binessite 1)reparatioiian(l seeding
lute) one oper~itmui. ‘[he Bracke’
machineused was eeitiii~pee

1 with
rotating teeth, which turn over a
spot of soil to createa pit—auid—
mound microsite, typically 18 in.
wide x 4 ft long, with a 12—in.—
deep pie (Damme I 988). Seed,
which had been treated with Ar—
asanawl aluminutti l)o1v(ler, were
droppedon themoundportion of
the scarified spot. l’ecauseit dis-
ii rbsonly a portion of the site, it is

less deleterious physically than
conventional site pre

1)aratiorl
systems,which scarify the entire
arca.

1’his combination method was
very successfulthe first season
when weather conditions were
very favorable,but during the two
(Iry years which followed many
areas failed to regenerateade-
quately.Resultsfrom otherspecies
growing on similar soils show that
packingthe soil over the seedscan
be beneficial (Winston and
Scbnieder1977). The Ocala sand
pineseedswerebeiti~droppeddflA

the upper’ mi(lslol)e region of the
scalp—themost favorable micro—
site for germination(Parker1972,
Seabrookand Bax 1981, Clark
1981)—but becauseof the steep
slopetherewasconcernthatseeds
tuay have been washedaway by
i•ai irs beforethey could germinate.
‘lire ol)(ectiveof the first study re—
ported here was to dletermineif
modifications to the scarifier—

ilic use of trade, tirni, or corporation

mimes in this pot)ticat ion is tor t lie in For—
ns~tJon and convenienceof the reader.
Such use (toes not (:oOstitOte an olflcial en-
dorsernentor ;iftjirovaf liy tire U.S. Depart—
orentof Agriculture of any productor ser-
vice to the exclusion of others which may
be suitable.
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seeding, tI) pack tite soil (tV(’t tlte
seed,or to redue11117 4171)111ol ‘Aw
seaIp, WOO 1(1 i tir ~tt)V17 Stocking.
Since cornfuct r tig ~‘cgctatn uti can
rapidly redtrcesoil Irtutistttte avail—
al))e fOr 5CC(l gertiii oat11)11 a11(1
scedli;ig establishiuctit, rcdttctloti
Of doml)etit our by eltoppitig l1t~~
to the scarilier—seerlcrshould be
mote successfulin dry years.‘Ilie
purposeof tIre secondstudy was
to dlctelmitte how tritrel; stocking
wonId be im provedl ii clld)pl)i og

luecetledi regenerationwtth the

scatrfier-sceder.

METHODS

Forthe first study,a 3—,ow scar—
ilier’—seeder was triod i lied Iry
addling air 18—in. dliantetet roller

heltitit I t lrc center Set d)l ~c~iilici’
~xwsh.‘11w voIle;’ was mountedon
a pivot so it fkullowed the contour
of tIre scarificd spot, packing the
soil alter tIre seedIrad beendepos-
ited. A 2—row machinewas modi—
fiedl by weldlitlg ¼—in,thick straps
of tiretal betweenscarifier teeth
placedat the midpoint of theteeth
(Uigurc 1) to reduce the depth of

1)enettatrotl—atldthus the rela-
tive slope—ofthescarified spot.

Stttdy areas are on the Lake
(;~r~ district of the Oc~da Na—
tiorral Forest, in central Florida.
Six areas,ranging in sizefrom 18
tO 81) :tc, were r’at;domly selected
from ‘1(5 areasto be regenerated
for testitg of the modified ma—
chines. ‘l’lre sites were treatedin
l)ccc,,B”r with both machinesad—

justedto make;rbotrt 975 scarified
~v’-~per ac atid to dl tol) an
averageof 9 seedson the tipper
portion of each spot. The SCedi
usedwas extracted from general
torestcd)necollections,wastreated
with Arasan and aluminum
powder, and had a germination
rateof 80%.

On all sites, the three-row and
the two-row machinesoperatead-
jacently, creatinga i’ow of packed
spots,a row of standard(i.e., con-
trol) spots,and a row of shallow
spotsin sequence.Three sample
plots of eachtreatmenttype were
randomly locatedon each of the
six sitesafter sowing(seeFig. 2). A
sampleplot consistedof a row of
25 scarified spotsof each of the
three treatmentslocated adja—

cently. At 2 and 5 monthsafter
sowing, the’ sample plots were
checkedfto determinethe number
of stockedspots and the number
of seedlings,by location on the
spot, for eachdifferent treatmcnt.
Locationswererecordedas
middlc and lower bascdon tire
division of eachsearWed spotinto
thirds.

Three areaswith medium— to
heavy-brushco’ispethion werese-
lected for the secondstudy. Each
areawas divided into two parts:
one side receiving a single pass
with a double—drumchopperprior
to seedingandtheotherservingas
the control. Both sidesd)f all three
siteswere seededin 1~ecember
using an unmodified 3—row ma-
chine. The seeding rate, spot

spacing,and seedwere the same
as usedin the first study. Three
replicationsof 1 0 scarilied spos

eachwere randomly selectedon
eachhalf of all sites. Thesewere
checked5 monthsaftersowingfor
the nuniber of stockedspots and
the total number of seedlings.
Tveatmentcomparisonsin both
studieswere made using analysis
of variancetechniques.

Figure 2. StudyseAes,ratic.

Figun’ I. Machuedsrwifier tat/i to createsfmo[loui patches.



RESU uS

The type of spot had no effect
on percentStd)cking,which aver-
agedl 22% for all treatments2
months after seedling(‘1’able 1).
iltits, neitherpacking the soil nor
redlucing the dlepth of thescalpj~—
creasedlseedsurvivalor initial ger-
mination. In May, S monthsafter
seedling,therewere still no differ—
cinrces in stockingdlue to spot type,
but the averagestocking had in-
creasedto 33% for all treatments.
i’htrs, if weatherconditionsarefa-
vorable,sonic increasein stocking
canl)e expectedlfrom dlelayedlger-
ruination after the peak germina-
tion period has occtrrredl. Al-
thld)ugh therewas no overall dlif—
ference attributable to type d)f

spot, ~l’ahle I indlicates there was
significantly less variatid)n Site—to—
site with shallowspots.

Even though spot type did not
affect stockingor total numberof
seedllings,it dli(l affect seedlinglo—
catid)n djn the spot (‘l’able 2). Both
the shallow and the packedl treat-
rnentshad more seedllirigson the
upper portion of the innicrosite
han did the standlardi treatment.

Since all treatments dlepositedl
seedlsat a similar’ positiOn, this is
~ittr’ibrrted to less seed md)vement
ivlren the soil is packedor the dIe—
greeof sld)l)e is redlucedl.

Pastexperienceswith I)roadlcast
seedling imidlicatedl that chopping
pr’id)r td) (lirect seedlingwotrld be
beneficial,htrt tIre amd)untof gain
f)d)ssil)le when ttsedl with the scari—
fier-seeder hadl nd)t been pre-
~‘touslydieterminedl. In the opera—
tid)nal trials of the second1studly,
chopping increasedl average
stockingfrom 10 to 47% (‘Fable3).
A 25% stockingwith 975spotsper
ac equals 244 well-dlistributed
trees per ac, which is the mint-
mally acceptablelevel for Ocala

Table1. Effect of spot type on stockingof Ocalasandpine 2 and S monthsafter
direct seedingwith a scarifier-seeder.

Stocking by studyarea

Typeot spot 1 2 3 4 5 6 Average stocking’

(04)
2 months tiebruary)

Packed 9 28 36 1 40 15
Standard 4 59 35 8 0 23
Shallow 23 16 7 24 35 27

22
21
22

5 months(May)
Packed 24 48 52 9 55 27
Standard 15 68 48 17 0 45

36
32

Shatlow 32 27 23 44 40 32 33
1 There was no significant difference in mean stocking at 2 or at S months.

sandI pine. Thins, all of tIre sites
were lailtires dill nonchoppedpuu’—
tions, andl all were sttccessfrrlon
the chopped areas.‘1’he abnor-
mally low amotrut. of’ rainfall
(‘Fable 4) receiv~dl ditiring I)e-
cember when seeding was done
was a major f’~rctor ii; t lie poor’
stocking on nonchoppedareas.
Stocking would havebeenhigher
with normal levels of precipita—
tron.

DISCUSSION

Past wd)rk (Winston amidl
Schniedler1977, Damme198$) it;-
(licates that compaction of the
seedling nhicr’d)site woti Id increase
stockingon areassowtr wit It 5d’~ttr—

her—seedere(lttilsnnrcrtt . I it in hose
trials, however’, SeedIswere sown
by hand on spots fornied by the
scarifier—seeder.fir t lie I ~‘esd~r it op—

er’~ttiooal test of soil packimig with
the machine sowing the 51717(1 or;
the spot al;eadl of’ tIre l)ad:ker’, rio
increase in std)cking was Firri;d.
The only heneli t notCdl fro iii

packing the 5d)iI wasa re(ltrctioii it;

the movementof seedls pr’ior to
germination. The packing wheel
employed srrcceededlin leveling
and stabilizing the seedbedl,btrt it
also contributed to operational
‘‘down time’’ by occasionally

Table2. Effect of spot type on the location of Ocala sandpine seedlings5 months
after directseedingwith a scarifier-seeder.

catclii rig dlebris, wlr icli necessi—
tatedI si oppitrg to remove. In adldi—
tion, the apparattisreceivedl con—

dlelays were c~rrinsed by orechanrical
hrilttr’e of the f)acking attachmerit.
‘l’hus, tire addition ol’ a packing
wheel to the scarifier’—seedet’is not
recd)tnrnen(Iedl.

Modlifying the nrachine to re—
(I tree penretration of’ in Ire scalping
teetI; — tlrer’eby reducing dlepth
audI slope of’ tIre scarified spot—
also (lid1 not improve average
stocking, but it olidI redlnec tIre
md)veinrletitof seedlsprior’ to) geninni—
nation. Location is (

1tinite critical
Fin’ gd)o)dl initial growth oil seedI—

hirigs. Nmrrrretotrs Pd~r’sOIUtl orl,sct’—
v’.tt iotts iti(hic’dte seedlingsolo best
when gr’owirrg treat’ in lie hingearea
wlrere tIre soil from tIre J)it is
tur’neol over’ otito) tire stmrface.
SeedsI)lirel above in It is point on
torI) of’ tIre nitoittid often do riot
gerirrirrate, (sin’ if in Irey (10 tIre seed—
hugsdlie becarinseof’ (Iry soil and
air pockets l’t’orir the olebris rtnder
tIre over’tttrniedl soil. Near’ tIre
hinge point seedlimigsare close
enotrgh td) take adlvanitaged)f tIre
nutrients releasedlby the decoinn—

Table 3. Ocitla sandpine stocking on
areasdirect seededwith a scarifier-
seederwith or without double-chop-
ping.

Stocking

Seedlinglocationon spot

Top
Middle

Packed
188a’
83a

Number of seedlings

Standard

109b
176b

~ 285

Shallow

171 a
68a

239Totals 271
Within a row, valuesnor fottowed hy the sametetter are signiticantty difterent at the 0.05 inc’vein.

No site
t)ooble-chopped preparation

(%)
63 17
50 7
27 7

Area 1
Area 2
Area 3

Average 47 10
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Table4. Rainfall duringcritical months
for seedingtrials on theOcalaNational
Forestof central Florida, comparedto
normal rainfall.

Month Normal’ Study period2
tin.)

October 3.6 1.9
November 1.9 6.2
December 2.4 tt.5
lanuary 2.5 7.1
February 2.9 3.7
March 3.1 6.8
‘USOC 1970.

Recordedat theseedorchardon theOcataNa-
tronat forest.

1)oSit id)ii 0)1’ tIre inicot’fror’~tteoi Or’—
gatric innratlet’—a ver’y inrnl)o)i’tarrt
sourceof trutritior; on thesesterile
sand soils—without having to
copewith poor rootingco)ndlitions.
Tlreref’ore, seeds slrotrld stay
wherethey are j)laced.Artol nio)(li—
lication to reducetire slopeo)f tIre
scarified s/)ot is stinperior to) tire

packing wheel for doing this be-
cause this niodificatiort of tIre
edluil)inent catrsedno ol)eratioiral
problemsor breakageatidl shotrld
requireslightly less horsepowerto
operate.

Loweststockingin shallowspots
(areanumber 3) was causedby
poor scarification andl po)orly
fornied spots due to the heavy
brush on tire site. On areaslike
this the standardnrachinewill do a
better job of j)eiretratitrg arid
tearing tip tIre root tirat of tire
cotllI)etitioil. I lowever, as slrown
by the secondstudly, choppiirg
prior to seedingwould be highly

diesirable on such sites. In fact,
that study indicates all sites with
brtisls cd)mpetitiorl would benefit
Iron; chroppitig prior to direct
sceolirrg with tIre scarifier-seeder.
Although all ~would likely benefit
inn tinrd:r’easedstocking,not all areas
req t tire chopping I’d);’ accel)table
slo)ckinrg levels—asshown by the
five areaswith shallow spots—
wInch were successfulwithout it.
In adldition, since broadcast
sceoling is donewith a machineat—
taclteol to the ed~triprnentj)ullitlg
tire clio)pl)er, if areashave to be
chopped, tire scarifier-seeder
ritetllod I0)ses mo)st of’ its advan-
tagesover broadcastseeding.~l’he
extraexpetrsed)f a two-passopera-
tion would haveto be offset by im-

l)in’o)ve(l spacingand theuseof less
sceol, ¼vs. ½lb for the scarifier-
seedIeranti the broadcastseeder,
respectively.At present the best
solutid)rl would be to developsome
inrreasttr’eof brush; competitionfor
decidingwhen choppingis needed
f’or successfulregeneration.Areas
with sigt;ificant brushcompetition
co)uld be choppedand broadcast
wirile otherareaswould be regen-
eratedwith the scarifier-seeder.E
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